Abstract. Growing of carbon nanotubes (CNT) on the surface of highly porous silica aerogel offers a means to tailor the mechanical properties between fiber and matrix interface of a composite. The growth of CNT on the silica aerogel surface was done using chemical vapour deposition (CVD) technique. In this study, the morphology of the produced CNT was investigated by Scanning Electron Microscope (SEM) for confirmation of CNT existence. The composite were then prepared by shear mixing technique. Flexural strength of the CNT-SilAe/Epoxy nanocomposite were assessed as a function of CNT-SilAe concentration and dispersion in epoxy matrix. The flexural modulus and strength of epoxy composite increased significantly with inclusion of CNT-SilAe. The optimum loading of CNT-SilAe in epoxy composites was attained at 2 wt%, where the improvement in flexural strength and modulus were 8% and 11%, respectively.
Introduction
Nanostructured materials play an important role in the decade due to their wide range of potential applications. One of the promising nanostructured materials is Carbon Nanotubes (CNT) which can be utilized in various applications as reinforcing fillers especially in the field of polymer-based composites. High aspect ratio of CNT facilitates it to form network like structure in the composite. Moreover, its unique electronic properties, high structural flexibility and high mechanical strength make it stiffer and stronger than other potential materials such as graphene, diamond, carbon black, etc. The strong covalent carbon-carbon bond on the tube structure, initiate the strength tube property which make it stronger than steel. The mechanical property of CNT itself is a challenge to experimentally study due to the difficulty in obtaining pure CNT which is free from amorphous, graphitic and polyhedral carbon particles. Thus, various types of polymer have been embedded with CNT with a desire to fabricate new advanced materials as to enhance the composite properties.
Polymer nanocomposites emerging a multidisciplinary research field with results that could broaden the applications of polymers in the industries. Polymer matrices materials such as thermoplastics, thermosets and elastomers have been used to reinforce small quantities of nanoparticles, preferably due to its high aspect ratios [1] [2] . These nanocomposites are expected to derive high properties at low filler volume fractions due to the high aspect ratio and high surface area to volume ratio of the nano-sized particles [3] . Composite materials consisting of a polymer and CNT frequently exhibit improved thermal and mechanical properties. Incorporation of very small amount of CNT into a polymer matrix can lead to structural materials with significantly high modulus and strength [4] . Significant advancement has been made in improving the mechanical properties of polymer matrix by mixing small fraction of CNT. Cadek et. al. [5] reported significant improvement in the modulus and hardness (1.8 times and 1.6 times) on addition of 1 wt. % MWCNT in PVA matrix. The improvements of nanocomposites with inclusion of CNT have also been reported by Biercuk et. al. [6] that showed enhancement in modulus, strength, thermal and thermo-mechanical stability. This study aimed to investigate the flexural behaviour of the epoxy nanocomposite by inclusion of CNT grown on silica aerogel.
Materials and Methods
Materials. The porous silica aerogel (SilAe) were obtained from Maerotech. The epoxy used as the polymer matrix was EpoxAmite 100 which was supplied by the Smooth-On. Inc., Pennsylvania. Nickel and cobalt were used as catalyst to grow CNT. Benzene was used as a carbon source.
Synthesis of CNT-SilAe. The CNT are prepared by CVD method with presence of nickel and cobalt as catalyst and aid of benzene at 720°C as a carbon source to grow the CNT from porous silica aerogel. The yield obtained after several hours of grow process is around 200%. The produced CNT from porous silica aerogel was designated as CNT-SilAe.
Composite Manufacturing. The CNT-SilAe were incorporated into the epoxy matrix with different volume fraction. The solution mixture was then stir vigorously using homogenizer at room temperature for 3 minutes. Next, hardener is added into the solution and continue stir for 3 minutes. The complete solution was then cast onto a mould and place in a vacuum oven to remove trapped air and left cured in room temperature for 24 hours. Morphological analysis on CNT-SilAe was performed by HITACHI scanning electron microscope (SEM) S-3400. Flexural strength and modulus of the nanocomposite were determined using Instron (model 3365). Morphology analysis. Figure 1 shows typical SEM micrograph on the silica aerogel and produced CNT grow on highly porous silica aerogel by CVD method. In Figure 1a , the silica aerogel dimension was inconsistent and it have high tendency to clump together as a result of their high surface energy. Meanwhile, in Figure 1b shows that the formation of CNT from silica aerogel after process under CVD method. The CNT have long and entangle tube structure. Figure 1a dispersed in epoxy matrix promotes lack of adhesion between filler and matrix. In addition, increment in SilAe weight fraction tends to reaggregate the filler distribution and reduce surface area of SilAe to interact with epoxy. Apart from this, as for the CNT-SilAe/epoxy nanocomposites, adding of 0.5wt% of CNT-SilAe increased the flexural strength of about 30% compared to the blank epoxy. The trend continuously increased proportionally with addition of CNT-SilAe up to 2.0wt% for about 8% over the 0.5wt% of CNTSilAe/epoxy nanocomposite. Improvement in flexural strength of the CNT-SilAe/epoxy nanocomposite was due to the good adhesion and dispersion of CNT-SilAe in epoxy matrix. Furthermore, composites containing stiff fillers could increase the load bearing capacity of the filler and contributes to the reinforcement effects [7] .
Results and Discussion
Flexural Modulus. Figure 3 shows the flexural modulus trend of blank epoxy, SilAe/epoxy nanocomposites and CNT-SilAe/epoxy nanocomposites. The flexural modulus of epoxy nanocomposite increased monotonously with increasing of CNT-SilAe loading up to 2wt% CNTSilAe loading. Indeed, the flexural modulus of the CNT-SilAe reinforced epoxy nanocomposite is markedly higher than that of SilAe/epoxy nanocomposite and blank epoxy too. This indicates that incorporation of CNT-SilAe yields a significant improvement in stiffness of epoxy nanocomposite. Strong interaction between the polymer and filler leads to a layer of polymer that is directly adsorbed and bound to the particles. On the other hand, the flexural modulus of SilAe/epoxy nanocomposite was found decreased. It might be due to the high tendency of SilAe to form aggregates and reduce the flexural properties.
Summary
In summary, CNT have been successfully produced from highly porous silica aerogel. Formations of long and highly entangled tubes as shown in SEM prove the production of CNT. Reinforcing of low loading of SilAe which is 0.5 wt% SilAe in epoxy, increased the flexural strength of the epoxy nanocomposite while adding of CNT-SilAe in epoxy, the flexural modulus increase monotonously up to 2 wt% of CNT-SilAe loading. Good adhesion between filler and matrix and also better dispersion of CNT-SilAe in epoxy matrix explained the increment in flexural properties.
